ABBREVIATIONS ACDF = anterior cervical discectomy and fusion; AP = anteroposterior; BMI = body mass index; CCI = Charlson Comorbidity Index; EBL = estimated blood loss; LOS = length of hospital stay; PSTS = prevertebral soft-tissue swelling; SWAL-QOL = Quality of Life in Swallowing Disorders; VAS = visual analog scale. OBJECTIVE Intraoperative local steroid application has been theorized to reduce swelling and improve swallowing in the immediate period following anterior cervical discectomy and fusion (ACDF). Therefore, the purpose of this study was to quantify the impact of intraoperative local steroid application on patient-reported swallow function and swelling after ACDF. METHODS A prospective, randomized single-blind controlled trial was conducted. A priori power analysis determined that 104 subjects were needed to detect an 8-point difference in the Quality of Life in Swallowing Disorders (SWAL-QOL) questionnaire score. One hundred four patients undergoing 1-to 3-level ACDF procedures for degenerative spinal pathology were randomized to Depo-Medrol (DEPO) or no Depo-Medrol (NODEPO) cohorts. Prior to surgical closure, patients received 1 ml of either Depo-Medrol (DEPO) or saline (NODEPO) applied to a Gelfoam carrier at the surgical site. Patients were blinded to the application of steroid or saline following surgery. The SWAL-QOL questionnaire was administered both pre-and postoperatively. A ratio of the prevertebral swelling distance to the anteroposterior diameter of each vertebral body level was calculated at the involved levels ± 1 level by using pre-and postoperative lateral radiographs. The ratios of all levels were averaged and multiplied by 100 to obtain a swelling index. An air index was calculated in the same manner but using the tracheal air window diameter in place of the prevertebral swelling distance. Statistical analysis was performed using the Student t-test and chi-square analysis. Statistical significance was set at p < 0.05. RESULTS Of the 104 patients, 55 (52.9%) were randomized to the DEPO cohort and 49 (47.1%) to the NODEPO group. No differences in baseline patient demographics or preoperative characteristics were demonstrated between the two cohorts. Similarly, estimated blood loss and length of hospitalization did not differ between the cohorts. Neither was there a difference in the mean change in the scaled total SWAL-QOL score, swelling index, and air index between the groups at any time point. Furthermore, no complications were observed in either group (retropharyngeal abscess or esophageal perforation). CONCLUSIONS The results of this prospective, randomized single-blind study did not demonstrate an impact of local intraoperative steroid application on patient-reported swallowing function or swelling following ACDF. Neither did the administration of Depo-Medrol lead to an earlier hospital discharge than that in the NODEPO cohort. These results suggest that intraoperative local steroid administration may not provide an additional benefit to patients undergoing ACDF procedures. ■ CLASSIFICATION OF EVIDENCE Type of question: therapeutic; study design: randomized controlled trial; evidence: Class I.
D ysphagia is one of the most frequently reported complications following anterior cervical discectomy and fusion (ACDF), with a reported incidence as high as 79%. 1, 4, 6, 15 While most cases are transient and resolve within 3 months, persistent dysphagia lasting 5 years has been reported in as much as 15% of patients. 1, 8, 9, 13, 19, 21 Although the exact pathophysiological mechanism has not been fully outlined, it is theorized that increased prevertebral soft-tissue swelling (PSTS) is a strong contributor in the postoperative setting. 1, 10, 16 While some surgeons believe that dysphagia is an inevitable outcome of anterior cervical spine surgery, 3, 4 others have investigated potential methods of reducing its incidence and severity. Initially, the effect of perioperative systemic steroids was examined. 2, 14, 20 More recently, the administration of local steroids directly at the surgical site prior to skin closure has drawn significant interest.
7,11
The reported effects of local or systemic intra-or postoperative steroids on postoperative swelling and dysphagia have been conflicting. 7, 11, 14, 20 However, the association between local application of steroids and postoperative swelling and dysphagia has not been well characterized. Therefore, the purpose of this study was to quantify the effect of intraoperative local steroid administration on postoperative swelling and dysphagia through a prospective, randomized single-blind study.
Methods

Patient Population
This study was approved by our institutional review board and is registered with the clinicaltrials.gov database (http://clinicaltrials.gov), and its registration number is NCT03311425. Patients scheduled to undergo a primary 1-to 3-level ACDF were considered for inclusion in the study. Patients were excluded if they had any allergy or contraindication to medications used in the protocol, had a medical history significant for a gastrointestinal bleed or dysphagia, or had experienced cervical spine trauma. Once the patients consented to the study, they were randomized into Depo-Medrol (DEPO) or no Depo-Medrol (NODE-PO) cohorts via a computerized random number generator. Randomization was performed 1 day prior to surgery by an investigator who did not participate in the patients' clinical care. A total of 121 patients were enrolled between August 2014 and March 2017 (DEPO = 64 patients, NODEPO = 57 patients). Patients were blinded to their cohort randomization, but the senior surgeon was not. Furthermore, data collection was performed by investigators blinded to the ■ CLASSIFICATION OF EVIDENCE Type of Question Therapeutic Study Design Randomized controlled trial Evidence Class I Summary Statement In patients undergoing anterior cervical discectomy and fusion (ACDF), this class I study found no improvement in postoperative dysphagia, as measured by the SWAL-QOL survey, from intraoperative local steroid application plus 10 mg of intravenous dexamethasone compared to intravenous dexamethasone alone. Classification of Evidence Class I randomized controlled trials (RCTs) are rare and precious in the medical literature, and studies that do not resort to esoteric statistical manipulations to fortify their conclusions are an equally uncommon treasure. Haws and colleagues provide both commodities in their paper. This trial fulfills all of the requirements of a class I study: similar baseline characteristics between treatment groups, adequate randomization, allocation concealment, masked outcome assessment, a prespecified primary end point, acceptable loss to followup (14% in each treatment arm), and an intention-to-treat analysis. The authors do append p values to their table of baseline characteristics (Table 1) , and they also characterize two intraoperative measures (operative time and estimated blood loss, Table 2 ) as "outcomes" when they might more accurately be included as potential between-group confounding features. As we have discussed in these statistical summaries before, p values serve a straightforward role in research papers: to alert readers to the potential role of chance as a cause of between-group differences. In RCTs, differences between treatment groups must be due to chance (unless the randomization process was corrupt), so the addition of p values is superfluous. The relevant question is whether the between-group differences are clinically important. One could argue that a 10.6% excess of obese (BMI > 30) patients in the topical steroid treatment arm could have made it more difficult to demonstrate a benefit of therapy if one existed. In contrast, a 6.5-minute difference in operative time (shorter in the steroid arm) could have reduced the frequency of postoperative dysphagia. Differences in characteristics of potential prognostic importance ("confounders" in statistical jargon) are always concerning, whether trials are randomized or observational, and statisticians have a technique for adjusting for known confounders: multivariate or multivariable analysis. The authors might have applied this strategy to prove to their readers that these ostensibly minor differences were not, in fact, the true drivers of their result, but this seems unlikely from a clinical perspective. Two other features of this study deserve brief comment. The authors, to their additional credit, identified an a priori clinically meaningful difference in outcomes (an 8-point difference in SWAL-QOL scores) for their trial and used this value to estimate a required sample size. The validity of this end point can be debated, but the authors are transparent in their assumptions. One might also wonder whether the authors should have asked a different research question: the benefit of topical steroid application versus intravenous dexamethasone. Instead, since both treatment arms received intraoperative dexamethasone, the authors can only assert that topical steroid application does not provide additional benefit with respect to postoperative dysphagia beyond that afforded by intravenous dexamethasone.
-Michael Glantz, MD assigned treatment arms to prevent any biases during survey administration or radiographic measurement. We hypothesized that patients undergoing ACDF who receive local Depo-Medrol along with the systemic dexamethasone would have no difference in the incidence and duration of postoperative 1) swallowing function as determined by the Quality of Life in Swallowing Disorders (SWAL-QOL) questionnaire, 2) PSTS, 3) length of hospital stay (LOS), and 4) short-and long-term clinical outcomes compared with patients receiving only systemic dexamethasone.
Power Analysis
A priori power analysis was conducted based on a previous cohort that had undergone ACDF performed by the same surgeon. The average SWAL-QOL score in that cohort was 88.6 ± 14.3 at the 6-week postoperative visit. Using this previously obtained information, we set an 8-point difference in SWAL-QOL score between the groups as the minimum needed for clinical relevance. Using a mean and standard deviation of 88.6 ± 14.3 for the control group, we determined that 104 patients would be needed to detect an 8-point difference in SWAL-QOL scores at 6 weeks postoperatively, with a power of 80% and an alpha of 0.05.
Surgical Technique
Following proper patient positioning, intubation, and draping, fluoroscopic images were obtained for pathology localization. Once the pathology was oriented, a 2-cm skin incision was made lateral to the midline, and a standard right-sided Smith-Robinson approach was used. 18 Local bone graft obtained from the endplate preparation and nanOss bone graft substitute were used to fill an appropriately sized interbody cage that was subsequently impacted into place and secured using anterior spinal instrumentation. After final cage placement, patients randomized to the DEPO cohort received 1 ml of 40-mg Depo-Medrol applied retroesophageally, directly to the surgical site, via a 100-mm 2 Gelfoam carrier. Patients randomized to the NODEPO cohort received 1 ml of saline applied retroesophageally, directly to the surgical site, using the same Gelfoam carrier. Both cohorts received 10 mg of intravenous dexamethasone intraoperatively.
Demographic and Clinical Outcome Analysis
Patients were analyzed in terms of the following demographic, comorbidity, and perioperative variables: age, sex, body mass index (BMI), smoking status, number of operative levels, and Charlson Comorbidity Index (CCI). Perioperative variables included operative time, estimated blood loss (EBL), and LOS. Complication rates were also investigated in the perioperative and postoperative period. Visual analog scale (VAS) neck and arm pain scores were assessed at preoperative and 6-and 12-week postoperative time points. Swallowing function was assessed using the SWAL-QOL preoperatively and at the 6-and 12-week postoperative visits. Surveys were completed either on paper or electronically via tablet or computer before meeting with the surgeon for each patient's preoperative and postoperative clinical visits. The SWAL-QOL survey is composed of 13 multipart questions. Our analysis used only the third question, containing 14 total responses pertaining to the physical problems associated with swallowing difficulty (Supplemental Appendix A). Siska et al. previously described this approach to the SWAL-QOL questionnaire for postoperative dysphagia assessment. 17 Each response indicated how often a patient experienced the designated problem on a scale of 1 ("almost always") to 5 ("never"). A maximum score of 70, scaled to 100, indicated that patients did not experience any swallowing difficulty. A minimum score of 20 indicated that patients suffered from each issue almost always.
Radiographic Outcome Analysis
Preoperative and 6-week and 12-week postoperative plain radiographs were obtained and analyzed (Fig. 1) . The vertebral body anteroposterior (AP) diameter, as well as all subsequent measurements, was taken mid vertebral body, parallel to the intervertebral disc for the index-level vertebral bodies, as well as 1 vertebral level above and below the level of fusion. For example, a C4-5 ACDF would include measurements taken for the index level (C-4 and C-5) and 1 vertebral level above (C-3) and 1 below (C-6). The PSTS distance was measured from the anterior cortex of the vertebral body to the posterior tracheal air window. The tracheal air window diameter was also measured within the same plane as the previous 2 measurements. The ratios of the prevertebral swelling distance to the vertebral body AP diameter at all levels were averaged and multiplied by 100 to obtain a swelling index. 11 The air index was calculated in a similar manner utilizing the tracheal air window diameter instead of the prevertebral swelling distance.
Statistical Analysis
Statistical analysis was performed using Stata/SE 13.0 for Windows (StataCorp LP). Patient demographic, comorbidity, and procedural characteristic differences were tested using chi-square analysis and independent sample ttests for categorical and continuous variables, respectively. Independent sample t-tests were used to assess differences between DEPO and NODEPO cohorts with respect to perioperative variables and postoperative outcomes. A p value < 0.05 was used to determine statistical significance.
Results
A total of 121 patients were enrolled and randomized and received the intended intervention between August 2014 and March 2017 (Fig. 2 statistically significant decrease in operative time was observed in the DEPO group (48.4 vs 54.9 min, respectively, p = 0.040) compared with the NODEPO group; however, this difference was not clinically significant. The SWAL-QOL survey results demonstrated no difference in patientreported swallowing function between the cohorts at all time points assessed (preoperatively, 6 and 12 weeks postoperatively). Additionally, there were no differences in the change in SWAL-QOL scores from preoperative to the 6-or 12-week postoperative visits between the cohorts. No complications were observed in either cohort. Specifically, no patients in either group developed a retropharyngeal abscess or esophageal perforation.
Radiographic outcome analysis is detailed in Table 3 . Swelling indices were significantly different between the DEPO and NODEPO cohorts at the 6-week and 12-week postoperative visits (6 weeks: 77.7 vs 86.1, respectively, p = 0.017; 12 weeks: 72.9 vs 80.2, respectively, p = 0.032), though not at the preoperative visit (p = 0.137). In contrast, there were no differences in the change in the swelling index from preoperative to the 6-or 12-week postoperative values between the two cohorts (p > 0.05 each). No differences in the mean air index or the postoperative change in the air index existed at any time point between the DEPO and NODEPO cohorts (p > 0.05 for each).
Postoperative outcomes were further stratified by number of operative levels (Tables 4 and 5 ). Among the patients undergoing single-level ACDF, there were no differences in SWAL-QOL scores, swelling indices, or air indices between the DEPO and NODEPO cohorts (p > 0.05 for each). Similarly, patients undergoing multilevel ACDF did not demonstrate any differences in SWAL-QOL scores, swelling indices, or air indices between the DEPO and NODEPO cohorts (p > 0.05 for each). Table 6 details postoperative changes in VAS neck and arm pain between the cohorts. Similar improvements in VAS neck pain were observed between the DEPO and NODEPO groups at the 6-week and 12-week postoperative time points (p > 0.05 each). Additionally, no differences were observed in VAS arm pain between the DEPO and NODEPO cohorts at either postoperative time point (p > 0.05 each).
Discussion
This prospective, randomized single-blind study compared the effect of local steroid application on prevertebral swelling and patient-reported swallowing function after ACDF. The results suggested that the use of local intraoperative steroids does not result in significant improvement in patient-reported swallowing function compared with a control cohort. The utility of steroids for the prevention of postoperative dysphagia has been investigated. Jeyamohan et al. 7 performed a prospective, randomized double-blind controlled trial to evaluate the effect of perioperative systemic steroid administration on postoperative dysphagia and airway edema in 112 patients (56 per cohort) undergoing multilevel ACDF. The experimental cohort received intraoperative (0.2 mg/kg) and postoperative (0.06 mg/kg) intravenous dexamethasone every 6 hours for the first 24 hours after surgery. The control cohort received the same dosages of intravenous saline, administered in a similar manner. While the authors reported significantly lower rates of dysphagia in the immediate postoperative period as well as at the 1-month postoperative follow-up in the steroid cohort, the 3-, 6-, 12-, and 24-month follow-up time points revealed no difference in swallowing function between the cohorts. The authors also observed reduced fusion rates in the steroid cohort at 6 months, converging to similar fusion rates in the two patient groups at 12 and 24 months postoperatively.
The current study results differ from those in a similar prospective, randomized controlled trial performed by Edwards et al. in 2016. 5 That study randomized 50 patients undergoing ACDF with bone morphogenetic protein to receive local Depo-Medrol or saline intraoperatively and evaluated dysphagia rates using the modified dysphagia scoring system. The experimental group demonstrated significantly reduced dysphagia scores as compared with those in the control group on postoperative days 4, 7, 14, and 28. However, the time points at which dysphagia was evaluated were different from those in the current study, limiting our ability to compare outcomes between the studies.
Additionally, results of the present study contradict those in a prospective, randomized study performed by Lee et al. in 2011. 11 That study examined the effect of a local steroid (40 mg triamcinolone) in the retropharyngeal space on PSTS, compared with a control, following ACDF. The authors demonstrated an increase in PSTS in the immediate postoperative period for both cohorts. They also reported a significant radiographic reduction in PSTS indices at 2 days and 2 weeks postoperatively in the steroid cohort compared with that in the control group. Despite evidence suggesting an improvement in PSTS in the steroid cohort versus controls, the study was limited by their definition of a PSTS index. The authors used the average value of PSTS at the C-3, C-4, and C-5 vertebral levels given the visibility on lateral radiographs, regardless of the operative pathological level, limiting the utility of the index in their analysis.
In the current study, no complications were observed in either cohort. Specifically, no patients developed an esophageal perforation or retropharyngeal abscess. Previous reports have suggested an association between these complications and local steroid application. Lee et al. examined 2 cases of delayed esophageal perforation following ACDF, one of which developed a subsequent retropharyngeal abscess. 12 These authors identified the use of retropharyngeal steroids as a common finding in the cases and suggested their use as a contributing factor. They believed that retropharyngeal steroids may have inhibited the normal tissue healing process after microscopic intraoperative injury, allowing for the development of a defect in the esophagus. They cautioned against the use of retropharyngeal steroids in ACDF, primarily in patients with a history of chronic steroid use. In the present study, however, we did not find an association between local intraoperative steroid use and esophageal perforation, thus failing to substantiate this claim.
The current study has several limitations. First, all ACDF procedures were performed by a single surgeon at a single academic institution, limiting generalizability. Second, standard of care at the senior surgeon's institution does not include 2-week postoperative follow-up visits. Therefore, SWAL-QOL responses and radiographs were not obtained at this time point. This may have limited our analysis as dysphagia and swelling can be more severe in the early postoperative period. Furthermore, we did not assess outcomes beyond the 12-week time point. However, as dysphagia most often resolves within the first 3 months, 1 we believe the time points in the present study to be of greatest relevance. The effect of local intraoperative steroid application on long-term outcomes, including fusion rates, is an aim of future study. Fourth, the use of intraoperative systemic steroids may have contributed to the observed results. However, as this use was standardized in both groups, we were able to isolate the specific utility of local steroid application on postoperative dysphagia rates. Finally, using the SWAL-QOL survey as our assessment tool of patient-reported dysphagia has its limitations. While the survey has been heavily used in the oropharyngeal oncological and otolaryngology literature, evidence for its efficacy in spine surgery is limited. Similarly, there are no studies that report SWAL-QOL score ranges corresponding to normal swallowing function or dysphagia. In an attempt to analyze pertinent information, we used only the most relevant questions in the survey corresponding to the physical effects of swallowing dysfunction. The remainder of the survey corresponded to the quality of life variances as a result of swallowing dysfunction and demonstrated limited utility among our patient population.
Conclusions
The results of this prospective, randomized single-blind study suggest that the local application of Depo-Medrol does not improve patient-reported swallowing function after ACDF. Similarly, the local administration of DepoMedrol does not reduce prevertebral swelling after an ACDF. No complications were observed in either group, suggesting that local Depo-Medrol can be applied safely in patients undergoing ACDF procedures. However, intraoperative local Depo-Medrol application may not provide an additional benefit to patients undergoing ACDF procedures.
